Linguistic and cultural evidence suggest that Madagascar was the final point of two major dispersals of Austronesian-and Bantuspeaking populations. Today, the Mikea are described as the lastknown Malagasy population reported to be still practicing a hunter-gatherer lifestyle. It is unclear, however, whether the Mikea descend from a remnant population that existed before the arrival of Austronesian and Bantu agriculturalists or whether it is only their lifestyle that separates them from the other contemporary populations of South Madagascar. To address these questions we have performed a genome-wide analysis of >700,000 SNP markers on 21 Mikea, 24 Vezo, and 24 Temoro individuals, together with 50 individuals from Bajo and Lebbo populations from Indonesia. Our analyses of these data in the context of data available from other Southeast Asian and African populations reveal that all three Malagasy populations are derived from the same admixture event involving Austronesian and Bantu sources. In contrast to the fact that most of the vocabulary of the Malagasy speakers is derived from the Barito group of the Austronesian language family, we observe that only one-third of their genetic ancestry is related to the populations of the Java-Kalimantan-Sulawesi area. Because no additional ancestry components distinctive for the Mikea were found, it is likely that they have adopted their hunter-gatherer way of life through cultural reversion, and selection signals suggest a genetic adaptation to their new lifestyle.
Linguistic and cultural evidence suggest that Madagascar was the final point of two major dispersals of Austronesian-and Bantuspeaking populations. Today, the Mikea are described as the lastknown Malagasy population reported to be still practicing a hunter-gatherer lifestyle. It is unclear, however, whether the Mikea descend from a remnant population that existed before the arrival of Austronesian and Bantu agriculturalists or whether it is only their lifestyle that separates them from the other contemporary populations of South Madagascar. To address these questions we have performed a genome-wide analysis of >700,000 SNP markers on 21 Mikea, 24 Vezo, and 24 Temoro individuals, together with 50 individuals from Bajo and Lebbo populations from Indonesia. Our analyses of these data in the context of data available from other Southeast Asian and African populations reveal that all three Malagasy populations are derived from the same admixture event involving Austronesian and Bantu sources. In contrast to the fact that most of the vocabulary of the Malagasy speakers is derived from the Barito group of the Austronesian language family, we observe that only one-third of their genetic ancestry is related to the populations of the Java-Kalimantan-Sulawesi area. Because no additional ancestry components distinctive for the Mikea were found, it is likely that they have adopted their hunter-gatherer way of life through cultural reversion, and selection signals suggest a genetic adaptation to their new lifestyle.
settlement | migration | DNA L ocated 400 km of the East African coast, Madagascar has been referred to as "the single most astonishing fact of human geography" (1, 2) . Despite its proximity to Africa, less than 10% of the vocabulary of the Malagasy language is from African languages (mainly Sabaki, a branch of Bantu) (3) (4) (5) . In contrast, 90% of Malagasy vocabulary belongs to the Barito (6) or other subgroups of Austronesian languages of Island Southeast Asia (7) (8) (9) . Although being less specific, genetic studies have generally confirmed the dual ancestry of the Malagasy population (10) (11) (12) (13) (14) .
Low genetic differentiation of the Malagasy mtDNA and Y chromosome lineages from related lineages observed in present day Bantu and Austronesian populations support a model drawn from linguistic evidence that the Malagasy gene pool has been derived predominantly from these two dispersals of agriculturalist populations. As shown by linguistic and phylogenetic studies on cattle and crop names and their genetic diversity, both agricultural populations have apparently brought their way of life once they had settled in Madagascar (15, 16) .
Although one archaeological report claims the presence of anthropic artifacts as early as 4,000 y ago (17) , most research points to first human impact on the Malagasy environment around 2,400 y ago (18) , which would still be before the Bantu expansion reached the East African coast (19) . In addition, European traveler reports and putative archaeological artifacts support hunter-gatherers living in the south of the island until the 16th century (20) (21) (22) (23) . It has been speculated that these hunter-gatherer groups were the remnants of a pre-Bantu settlement of Madagascar (24) . The cause of disappearance of the hunter-gatherers after the 16th century is unknown, but the two most likely scenarios that can be contemplated involve either a cultural shift or population replacement.
Traditions concerning the dispersal of a sedentary way of life and agriculture in the south of the island relate to the Sakalava expansion (25) . These traditions recount that in the 17th century, leaders, soothsayers, and migrants from the arabo-islamized Temoro population from the southeastern coast of Madagascar colonized the southern regions of Madagascar with the intention of creating new cities and kingdoms, such as Maroserana and Andrevola (25, 26) . A few decades later, new Sakalava kingdoms emerge on the southeast coast and gradually spread throughout southern Madagascar, which coincides with the disappearance of hunter-gatherer populations (25) .
The survival in Madagascar of a modern hunter-gatherer population was believed to be a myth (24, 25) . However, there are a variety of hunter-gatherer groups scattered across the island that have been studied and mapped since the 1920s,
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The Mikea are the last known Malagasy population reported to be still practicing a hunter-gatherer lifestyle. Earlier writers thought the Mikea were descended from ancient forager groups who have maintained their way of life up to the present. However, our analyses show that the Mikea are not a remnant population and, to the contrary, derived from a recent admixture of two agriculturalist populations: the Bantu (from Africa) and the Austronesian (from east-Asia). Thus, it is probable that the Mikea have adopted their hunter-gatherer way of life through a recent cultural reversion.
particularly in the Tsiribihina region (southwest Madagascar) under the names Vazimba and Beosi (27) . In the Mikea forest (south of the Mangoky River, southern Madagascar) one population, the Mikea, still live as hunter-gatherers. Earlier writers thought the Mikea were descended from ancient forager groups who have maintained their way of life up to the present (24, 25, 27, 28) , but most modern scholarship argues the Mikea reverted back to the forest for political or economical reasons, such as Sakalava royalty pressure or French colonization (29) (30) (31) .
We address here the question of whether and to what extent the Mikea share their genetic ancestry with their neighboring Malagasy populations with a sedentary lifestyle. Specifically, we aim to detect in the Mikea patterns of genetic diversity assignable to a population that would predate Austronesian and Bantu incursions. Alternatively, we consider the scenario by which it is only their subsistence strategy that separates the Mikea from other contemporary populations in southern Madagascar.
To answer these questions, we performed a genome-wide analysis of 21 Mikea individuals, 24 individuals from a nearby Vezo population, and 24 individuals of the Temoro population, using Illumina HumanOmniExpress BeadChips, and compared the data with Southeast Asian and African populations. Based on this dataset, we have: (i) studied the genetic distance between the three Malagasy populations; (ii) tested the existence and age of admixture patterns; and (iii) tested the Mikea genome for any adaptive signal that may be associated with the hunter-gather way of life.
Methods
Sampling and Genotyping. The samples analyzed in this study were collected in field seasons 2007-2009. The samples were obtained with informed consent, and were approved by Human Subjects' Ethics Committees of the Health Ministry of Madagascar (N°036 and N°039). Buccal cells and peripheral blood were sampled. Subjects were surveyed for language affiliation, current residence, familial birthplaces, and a genealogy of four generations to establish lineage ancestry and to select unrelated individuals. The Mikea samples were collected from seven different villages (Fig. S1 ). From 266 individuals sampled, a total of 21 Mikea (hunter-gatherers), 24 Vezo (seminomadic fishermen), and 24 Temoro (farmers) were genotyped. Studied individuals were chosen to be representative of distinct ancestral lineages to encompass as much diversity as possible in this small community. The genotyping of 730,525 SNPs across the genome was performed using Illumina HumanOmniExpress BeadChips. All genotyped individuals passed the quality checks and had a genotype call rate higher than 98%. To remove closely related individuals, we estimated identity by descent proportions using the genome function of PLINK (32) and the King algorithm (33) . We filtered the data by removing iteratively one individual from each pair until no kinship coefficient value remained higher than 0.25. Four individuals from the Mikea sample and one from the Vezo sample were removed. We also compared the data to African and Indonesian populations available from several publications and databases, such as the Human Genome Diversity Project (HGDP), HapMap3, and Pan-Asian consortia (34) (35) (36) (37) (38) (39) . In addition, for the purpose of comparison, Illumina HumanOmniExpress data were generated for this study from two Indonesian populations, the Lebbo (a Kayah subgroup) from Kalimantan (n = 18) and the Bajo from Sulawesi (n = 32). We merged the relevant datasets, keeping only overlapping sets of compatible SNP markers after correcting for strand consistencies; the data is available through National Center for Biotechnology Information Gene Expression Omnibus (NCBI GEO) data repository (accession no. GSE53445) and available from the authors upon request.
Statistical Analyses. To explore the distribution of pairwise genetic differences within and among populations, we computed an identity-by-state distance (1-IBS) matrix using PLINK (32) . The 1-IBS statistic corresponds to the proportion of SNPs that are different between a pair of individuals.
We have estimated genome-wide 1-IBS scores for the three Malagasy populations, the two Indonesian populations, and three African populations from HAPMAP (35, 36) . We used the PLINK software to remove each SNP that has an r 2 value greater than 0.1 with any other SNP within a 50-SNP sliding window (advanced by 10 SNPs each time) (32) . Following the pruning steps and merging, this analysis was restricted to 121,522 SNPs that were genotyped in both datasets.
The genetic distance intrapopulation was determined by computing the mean (and SD) of the genetic distance 1-IBS separating the individuals from this population (Table S1 ). Similarly, the genetic distance between two populations was determined by computing genetic distance 1-IBS separating the individuals from the two populations. Based on this computation, the genetic distance between two populations was plotted using the density function from R (38) . In each panel of Fig. 1A , we have represented the distance between the individuals of one population and the individuals from the other populations. In each panel we have also represented the intrapopulation distance, which is the mean of the genetic distances observed among all pairs of individuals from the given population.
To explore clustering of populations and their admixture we used principle component analysis (PCA) and ADMIXTURE. The PCA analyses were performed on the same pruned dataset using the smartPCA functionality of the EIGENSOFT 4.2 software (40) .
To estimate the admixture fractions from the different ancestral source populations of the three Malagasy populations, we performed a structurelike analysis using the ADMIXTURE software (41) after thinning the marker set for linkage disequilibrium.
To address questions regarding the African and Southeast Asian ancestries of the three Malagasy populations, we performed two separate sets of analyses. The first analysis focused on the Southeast Asian origin, including the Malagasy and Indonesian populations (Lebbo and Bajo) from this study and all of the populations from the Pan-Asian consortium dataset speaking a language that belongs to the Austronesian family (34) . We (42), and used the Yoruba population from HAPMAP (35) as an African reference group. We used the PLINK software to remove each SNP that has an r 2 value greater than 0.1 with any other SNP within a 50-SNP sliding window (advanced by 10 SNPs each time) (32) . Following the pruning and merging steps with the Pan-Asian panel, this analysis was based on 7,534 SNPs.
In the second analysis focusing on the potential sources of admixture from Africa and West Eurasia, we prepared a dataset including the three populations from Madagascar, African, and West Eurasian populations from several available sources, including HGDP [Biaka and Mbuti Pygmies (Central African Republic), Mandinka (Senegal), Yoruba (Nigeria), Bantu (including South-East African Bantu (Pedi, Sotto, Tswana, Zulu); Southwest African Bantu (Herero, Ovambo), San (Namibia), and French (39) Several approaches to estimate admixture dates have been developed on the basis of exponential decay of admixture-induced linkage disequilibrium (LD) as a function of genetic distance (40, 43) . Here we used the ALDER software (44) to estimate the time of admixture between Indonesian and African source population. Because the choice of the best surrogate of a source population was uncertain, we performed several admixture tests combining different African and Indonesian populations.
We have estimated the admixture age of the Papuan gene flow in several Indonesian populations as well as the Malagasy populations. Similarly, we have used the Yoruba population as a surrogate population of the Bantu gene flow and tested the admixture on several African and Malagasy populations.
We performed scans of positive selection using an integrated haplotype score (iHS) statistic (45) with tools available at http://hgdp.uchicago.edu and the HapMap b37 genetic map for calculating genetic distances between markers. The iHS statistic was calculated on a subset of sites with a minor allele frequency >0.05 and for which information about ancestral states was available from the Ensembl Variation database (46) . We divided the autosomal chromosomes by 200-kb windows following the approach of Pickrell et al. (47) , with a minor modification of combining windows with more than 80 SNPs into the same bin.
We performed enrichment analyses of the top 1% iHS windows using a modified algorithm of DAVID (48) . We used the EASE score (49) to estimate the significance of gene ontology (GO) term associations with the 200-kb windows for which the iHS statistic had been calculated. The EASE score is a modified Fisher exact P value that penalizes (subtracts) the count of positive agreements by 1; it weights significance in favor of terms supported by more genes and, therefore, improves the family-wise true discovery rate as a whole. We use the EASE score over other multiple-test correction methods for the reasons outlined elsewhere (48) . Multiple-test correction results are offered in the Supporting Information, Table S3 (50). In addition, to control for physical clustering of genes by gene families, each GO term that was associated with more than one gene in the same 200-kb window was considered only once in the estimation of enrichment score.
Results and Discussion
To test whether Mikea differ from the two other Malagasy populations in the overall pattern of genome-wide diversity, we first computed the complete matrix of pairwise identity-by-state distance in the three Malagasy populations and five reference populations from Africa and Indonesia. All three Malagasy populations were characterized by similar patterns of diversity (Fig. 1A and Table S1 ). Mikea did not differ significantly from the other two populations in either the interpopulation distances to other Malagasy or the reference populations.
Next, to gain better understanding about the relationships between the different populations, we performed PCA using Eigensoft (40) . The first eigenvector (4% of variation explained) clearly separated the Indonesian and African populations and the second (1%) distinguished between the different African populations (Fig. 1B) . All Malagasy individuals clustered tightly together at an intermediate position consistent with their admixed status. The Mikea did not appear to be genetically different from other Malagasy individuals and were no closer than the other two Malagasy populations than to either the Indonesian or the African populations (even in less-significant vectors). ADMIXTURE Analysis. To study in more detail the composition and structuring of genetic diversity in the Malagasy populations, we performed two distinct analyses with ADMIXTURE (41): the first focused on the Indonesian origin and the second on the African one. For both analysis with a K = 2 parameter, the results showed a clear African vs. non-African population dichotomy. These two analyses concurred in estimating the African ancestry proportion of 67% in each of the three Malagasy populations (Fig. S2 and Table S2 ). At increased values of K (Fig. 2 and Fig.  S2 ) more complex patterns emerged.
In the analyses aimed at discriminating further details among the different genetic ancestry components of the Indonesian populations, cross-validation scores aimed our focus on K values 4-6 (Fig. S2) . At K = 5 ( Fig. 2A) , the red component reflects the African ancestry and accounts, as in the K = 2 analyses, for twothirds of the total variation in the Malagasy populations. In contrast, the pastel yellow component, predominant in the Mamanwa from the Philippines, is virtually absent among the Malagasy. The pastel orange component reflecting Papuan ancestry in several Austronesian populations from east Indonesia, such as Alorese and Lambata (42) is, similarly, almost undetectable in Malagasy. Above these three ancestry components, which were also uncovered in K = 4 analyses (Fig. S2) , the K = 5 analysis revealed two additional components that together accounted for most of the Southeast Asian ancestry in Malagasy. The pastel green component, predominant in two Taiwanese groups, Atayal and Ami, characterizes one-half of the Southeast Asian ancestry proportion, whereas the blue component accounts for the other half in the Malagasy. A number of Southeast Asian populations sampled from the broad Java-Kalimantan-Sulawesi area show, as with Malagasy, an almost equal share of the pastel green and blue and a virtual absence of the Mamanwa and Papuan components. This area could, thus, be considered as a plausible source for the Southeast Asian component in all three Malagasy populations examined here.
The saturation of the cross-validation scores in the analyses focusing on the African side of admixture occurs at K = 7 ( Fig.  2B and Fig. S2 ). The interpretation of the results is complicated because of the fact that very few populations are available from Africa and none of them are reasonably close to the putative ancestral populations of Malagasy populations (such as any Swahili populations for example). The results of these analyses should therefore be considered with caution. The red component, which represents almost 100% of the Yoruba from Nigeria, the Mandinka from Senegal, is also the predominant component in HGDP Bantu and Luhya populations and accounts for most of the African ancestry in Malagasy. Besides this West African/Bantu component, others reflected in African huntergatherers (Fig. 2B , yellow, purple, and orange) or East Africans and West Eurasians (Fig. 2B, brown and green) show only marginal traces in the Malagasy. The absence of significant traces of the green component suggests that genetic admixture with the European population during the colonial period and the influence of Arabic, sometimes evoked in the oral traditions and suggested by the tradition of writing in Arabic, has been minimal among the Mikea, Vezo, and Temoro.
Notably, the brown component (Fig. 2B) , which is common among the populations of the East African coast, such as Maasai, is absent in the Malagasy groups considered here. This finding is not surprising considering that the Maasai speak a Nilo-Saharan language and may therefore carry ancestry components that never reached Madagascar. Unfortunately, similar data for the Swahili, who would represent the best candidate for an East African source population, is not available thus far.
These results suggest that gene flow from Bantu-speaking populations is likely to be the main source of the present genetic background in Madagascar. Given the recent time scale of Bantu dispersal, these results suggest a recent origin of the African component in Madagascar or a complete replacement of any previous African mainland components by the Bantu. Besides the predominant red component, a minor-albeit detectableproportion of the African ancestry in all three Malagasy populations belongs to a blend of the yellow, purple, and green components (Fig. 2) . Because of the lack of many African populations, such as the Swahili, it is not possible to tell from these analyses whether this blending reflects additional gene flow or whether the ancestral Southeast African Bantu population that dispersed to Madagascar already carried these additional components. Considering the ancestry of the Mikea, regardless of their hunter-gather subsistence, the composition of their African ancestry pallet is not distinguishable from those of Vezo and Temoro.
Date of Admixture for Malagasy Populations. To infer the date of admixture between the two source populations (Southeast Asian and African), we have used the ALDER software. To circumvent the uncertainties about the exact ancestral source, we have performed the same admixture test using several African and Indonesian populations. For all combinations we find an admixture date between 20 and 32 generations ago ( Fig. 2 B and  C) . These estimates, depending on an assumed generation times (20 or 25 y), date the peak of admixture between 400 and 800 y before present.
The time estimates obtained with ALDER should be taken with caution for several reasons. First, the mathematical model beyond the dating is based on a scenario of a perfect mix between the two populations, implying that since the first generation the mating has been fully random. This model is likely to be too simplistic. Second, in cases of prolonged process of admixture or multiple admixture events, the approach is designed to give higher emphasis on more recent admixture events (43) . Therefore, it is not implausible that the admixture process involving the Austronesian and Bantu components could have started long before the date estimated by the method. Additionally, we should bear in mind that dating applied in this study was only on a few populations from southern Madagascar and should not be generalized to other Malagasy populations.
Taking into account all these limitations, the most conservative interpretation of our result is that the admixture between Bantu and Southeast Asian genomic components began before the 17th century and before the disappearance of hunter-gatherers, European colonization, and also before the major change of the modern societies.
Bantu and Austronesian Expansion. To place the obtained date of admixture in Malagasy population into a broader African context, we have assessed the admixture date with the predominant West African component in several African populations as a proxy of the demographic events that may have followed the Bantu expansion in the eastern coast of Africa. In the context of these date estimates it is notable that the dates of admixture of African and Southeast Asian components we obtained for the Malagasy populations are in the same range of 20-35 generations that we obtained for the Luhya and Biaka groups, whereas the West African admixture in the Sandawe appears to be relatively younger (Fig. 3) .
As reported above, ADMIXTURE analyses at K = 5 detected in a number of Southeast Asian populations variable proportions of a pastel orange component that was predominant in Papuans and virtually absent in Malagasy populations. To test whether the lack of Papuan component in Malagasy populations could be further used as a clue to determine which Austronesian populations were involved as potential sources in the settlement of Madagascar, we estimated the dates of admixture between Papuan and Austronesian components in nine Austronesianspeaking populations of Indonesia. The admixture dates for the islands of East Indonesia fall in the range of 80-120 generations, which is younger than dates for the same data estimated by a different method by Xu et al. (42) (Fig. 3) . Regardless of the methodological differences, the admixture dates for East Indonesia significantly predate plausible migration dates to Madagascar and thus suggest that Eastern Indonesian populations are unlikely to have contributed a significant proportion of their genes in the Malagasy settlement. However, we found that the admixture of the Sulawesi and Kalimantan populations with the Papuan genetic component is significantly more recent: between 20 and 40 generations (Fig. 3) and contemporary with the admixture dates we obtained for the Malagasy populations. Considering the fact that the Southeast Asian input to Madagascar had to precede the local admixture event with the African component, this result makes it plausible that the parental populations of the Austronesian component could come from either Java, Kalimantan, or Sulawesi, as suggested by linguistic studies (7, 9) , as these source populations themselves may have admixed with Papuan sources after the settlement of Madagascar had already taken place.
Haplotype Homozygosity Analyses. Furthermore, to assess whether the Mikea are differentiated from their neighboring populations in haplotype homozygosity signals of specific genes that might be attributable to their lifestyle, and to test whether, overall, the genome-wide estimates of admixture proportions are also reflected in the transmission rates of signals of positive selection from their parental groups, we calculated the iHS statistic for the three Malagasy populations and compared the results with those from Yoruba and two Indonesian populations. These analyses revealed (Tables S3 and S4 ) that, on average, a top 1% signal detected in one Malagasy population was found in 34% of the cases as well as in the top 5% empirical ranks of the two other populations. In contrast to twofold higher contributions of African ancestry, as revealed above in the general genome-wide tests, the sharing of signals of recent positive selection in the three Malagasy populations was less differentiated between the African (23%) and Indonesian (20%) sources. Interestingly, the Malagasy iHS sharing with Bajo (27.5% on average) appeared to be higher than sharing with Yoruba, whereas the sharing with Lebbo was lower than the fraction of iHS signals the Malagasy populations shared with Europeans. Only eight genomic windows had a top 1% signal in all three Malagasy populations (Tables S3 and  S4 ). Among these genomic windows, the window containing the erythrocyte differentiation gene hemopoietic gene protein (HEMGN) was shared with the Yoruba top 1% and four windows were shared with either Bajo or Lebbo.
Of the previously ascertained genes with signatures of recent positive selection, it is worthwhile to note that the extended haplotype homozygosity signal in the 200-kb window containing the ectodysplasin A receptor (EDAR) gene, which according to previous studies (47, 51) is the topmost positive selection signal in East Asian populations, appeared among the 10 strongest signals in Vezo and also in the top 1% of Temoro and top 5% of Mikea, yet is relatively low in ranking in the top 5% signal in Bajo and absent from the top 5% signals in Lebbo. This finding may suggest either ongoing selection for the EDAR gene in Malagasy or that the homozygosity signal itself was obtained from a source population that had a higher frequency of the extended haplotype of EDAR than the two Indonesian populations considered here. Given the low genotype resolution of the Pan-Asian consortium data and lack of high-resolution genotype data from this region to date, unfortunately, scans of iHS on larger sets of populations from Southeast Asia could not be performed here. Of the top 20 iHS signals of Yoruba, 11 were observed in at least one Malagasy population in the top 1%, whereas the topmost signal at the LARGE gene, which has been associated with protection against the Lassa virus (51), was not observed in the top 5% in any of the Malagasy populations.
Analyses of enrichment of the iHS signals specific to the Mikea population are summarized in Tables S3 and S4 . Compared with the other two Malagasy populations, Mikea showed a higher haplotype homozygosity in genes related to neural function (dopamine uptake, glutamate receptor signaling, and gliogenesis), adaptive immunity, striated muscle contraction, and fatty acid α-oxidation. The latter function is important in metabolism of phytanic acid, which is an important component in dairy products, ruminant animal fats, and certain fish. These results could potentially be linked to the Mikea life-style but need further biochemical and physiological investigation to confirm and characterize the putative phenotypic effect of these genes.
Conclusion
In conclusion, we found that the three Malagasy populations studied have originated recently from the admixture of Austronesian and Bantu genetic components. The Bantu gene flow represents at least 60% of the genetic background, whereas Austronesian gene flow represents around 30% and is likely coming from the Java-Kalimantan-Sulawesi area. A small fraction of the genetic background seems independent to these components; this could be a signal of either other recent genetic influences or putative remnant of an older colonization event. The admixing process began before the 17th century, which means before the hunter-gather disappearance in the south of Madagascar, before the European colonization, and before the major change of the modern societies.
We were unable to detect in Mikea unique ancestry components that would have been absent among sampled populations. These results support the hypothesis that the Mikea originated from agricultural populations and have reverted to the forest (24, 25, 27) . Despite the Mikea population deriving from the same genetic admixture as Vezo and Temoro, they have reverted to a hunter-gatherer lifestyle. This reversion is one of the few observed cases that have been supported by genetic evidence and, to our knowledge, the only one reported so far for African populations (52, 53) . Future genetic and anthropological work is needed on the Mikea and nearby populations to date this cultural change. In parallel, the genetic adaptation of the Mikea linked to their lifestyle suggested by the presence of selection signals need to be investigated (i.e., metabolism of phytanic acid). Future work is required on Malagasy populations, and also in Africa and Indonesia, to clarify the history of settlement of Madagascar Island.
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